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[Title of the Invention] SEMICONDUCTOR DEVICE 
[Abstract ] 

[Object] The provision of a semiconductor device that can 
prevent lead bending effectively 

[Constitution] In the center of a resin package 1 of a 
rectangular body^ a semiconductor chip 1 , which is fixed on a 
tab 6, is located. In the vicinity of the periphery of the 
semiconductor chip 7, the inner ends of the leads 2 are arranged. 
The inner ends of the leads are connected to the electrodes of 
the semiconductor chip 7 by wires 9. The lead 2 bends downward 
in the package 1 and projects at the lower face 5 of the package 
1. The projecting lead 2 bends at the projection position and 
extends to stick to the lower face of the package 1 so as to 
form an external terminal 3. The external terminal 3 has only 
its lower face and outer end exposed from the package 1 but has 
its side portion embedded in the package 1, and the outer end 
hardly projects from the rim of the package 1, so that lead 
bending hardly occurs. The external terminal 3 also serves as 
a measurement terminal for characteristics tests (a test pad) . 
[Claims ] 

[claim 1] A semiconductor device having a package and a 
plurality of leads projecting from the package, wherein the lead 
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bends on the way in the package and projects at one of front 
and back faces of the package at somewhere except for edges, 
and the lead bends at a projection position and extends to stick 
to the one face of the package. 

[claim 2] The semiconductor device according to claim 1, 
wherein the front and back faces of the package are parallel 
to each other, and the lead pro j ecting at a lower face and bending 
has only its lower face and outer end exposed from the package. 

[claim 3] The semiconductor device according to claim 1 or 2, 
wherein the outer end of the lead is substantially the same as 
the package without projecting long from the rim of the package. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Field of Utilization] The present invention 
relates to a semiconductor device and particularly to a 
semiconductor device having test pads for electrical 
characteristics tests on a surface of a package. 
[0002] 

[Prior Art] In electronic equipment, high-density packaging 
has been requested in respect of function, and lighter, smaller, 
and thinner equipment has been requested in respect of packaging. 
Accordingly, the pitch of the terminals (leads, pins) of 
electronic parts incorporated decreases, and the number of the 
terminals increases, so that the number of pins tends to 
increase. In addition, as a package form, resin molded (resin 
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package) type semiconductor devices, which use inexpensive 
materials and provide good productivity, are often used in order 
to reduce the cost of manufacturing electronic parts. For the 
resin package type semiconductor devices, those using a metal 
lead frame, those using an insulating film that has leads formed 
on its surface (TCP: Tape Carrier Package), and the like are 
known . 

[0003] A semiconductor device using a lead frame is described 
in "Hitachi Hyoron, " No . 3, 1992, published by Hitachi Hyoronsha 
on March 25, 1992, p75-p80. This literature discloses, as 
smaller and thinner packages, TSOP (Thin Small Outline Package) , 
SSOP (Shrink Small Outline Package), TQFP (Thin Quad Flat 
Package), and STZIP (Shrink Thin Zigzag Inline Package). In 
SOP (Small Outline Package) , outer leads are located at two 
sides of a package, and in QFP (Quad Flat Package) , outer leads 
are located at four sides of a package. 

[0004] Also, "Denshi Zairyo, " September, 1984, published by 
Kogyo Chosakai on September 1, 1984, page 54, describes that 
the types of terminal shapes in general flat packages include 

(a) J type lead (Rolled-under) , (b) Gull-wing, (c) Butt-lead, 
and (d) Flat lead. 

[0005] On the other hand, "National Technical Report, " April, 
1993, published by Ohmsha on April 18, 1993, P104-P112, 
describes a 0.3 mm-pitch QFP packaging technique. This 
literature describes that "As methods of ensuring lead bending 
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accuracy against risks during test, shipment, packing, and 
transport, . . .QFP with a protection ring. . .a TPQ (Test Pad with 
QFP) type package are proposed. . . .TPQ is a package in which a 
size difference is made between the upper and lower portions 
of the mold portion and test terminals are arranged in their 
step difference portion, ..." TPQ is also described in "Nikkei 
Microdevices, " September, 1992, published by Nikkei BP, Inc. 
on September 1, 1992, P15. This literature describes that "The 
defect of the new structure is that packaging density slightly 
decreases. For a 14 mm square package, the number of pins 
decreases by about 14%. But, this ratio decreases as package 
size increases." 
[0005] 

[Problems That the Invention is to Solve] In order to prevent 
lead bending, as also described in the above literatures, 
semiconductor devices in which test terminals (test pads) are 
provided on a surface of a package (semiconductor devices with 
test pads) have been developed. The present invention also 
relates to a technique similar to the above. 

[0007] It is an object of the present invention to provide a 
semiconductor device that can prevent lead bending effectively. 
The above and other purposes and new features of the present 
invention will be apparent from the description of the 
specification and the attached drawings. 
[0008] 
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[Means of Solving the Problems] Among inventions disclosed in 
this application, the summary of a typical one is briefly 
described as follows. A semiconductor device of the present 
invention has an external structure having a package and a 
plurality of leads projecting from the package. The lead bends 
on the way in the package and projects at the lower face (back 
face) of the package at somewhere except for edges, and the lead 
bends at the projection position and extends to stick to the 
lower face of the package. The lead projecting at the lower 
face and bending has only its lower face and outer end exposed 
from the package and has its side portion embedded in the package. 
The package is simple rectangular body-shaped, and the front 
and back faces of the package are parallel to each other. The 
outer end of the lead extends to substantially the rim of the 
package without projecting long from the rim of the package. 
This exposed lead portion serves as an external terminal and 
also as a measurement terminal for characteristics tests. 
[0009] 

[Operation] According to the above means, in the semiconductor 
device of the present invention, the lead projects out of the 
package from the back face in the package at somewhere except 
for edges, the lead bends at the projection position and sticks 
to be embedded at the lower face of the package, and the lead 
tip end extends to the rim of the package without projecting 
long from the rim of the package. Therefore, there is no fear 
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that the lead catches other things^ so that lead bending can 
be prevented. In addition, the lead projecting at the lower 
face of the package bends at the projection position and sticks 
to be embedded at the lower face of the package, and one face 
of the lead is exposed, so that the lead can be used as an external 
terminal or a measurement terminal. 
[0010] 

[Embodiment] An embodiment of the present invention is 
described below with reference to drawings. Fig. 1 is a 
cross-sectional view showing a semiconductor device according 
to an embodiment of the present invention; Fig. 2 is also a bottom 
view; Fig. 3 is a plan view of a lead frame for use in the 
manufacture of the semiconductor device of the present 
invention; Fig. 4 is also a cross-sectional view of the lead 
frame; Fig. 5 is also a plan view showing the lead frame in which 
chip bonding and wire bonding are completed in the manufacture 
of the semiconductor device; Fig. 6 is also a cross-sectional 
view of the lead frame in which wire bonding is completed; Fig. 
7 is also a cross-sectional view of the lead frame in a transfer 
molded state; and Fig. 8 is also a cross-sectional view showing 
a lead cut state. 

[0011] In the semiconductor device 1 of the present invention, 
as shown in Figs. 1 and 2, in appearance, the outer ends of leads 
2 (external terminals 3) are embedded at the lower face 
periphery of a package 1 made of epoxy resin. As shown in Fig. 
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2, only the lower faces of the external terminals 3 are exposed 
from the package 1, and the external terminals 3 are used as 
terminals during packaging and terminals for characteristics 
tests (test pads) . The package 1 is a rectangular body, that 
is, a flat body, and the upper face 4 and lower face 5 of the 
package 1 are parallel to each other. Since the package 1 is 
formed by transfer molding, the sides of the package 1 have a 
slope resulting from sloping the sides of the cavity of a mold 
in order to remove the package 1 easily from the mold. 
[0012] In the center of the package 1, a tab 6 is located, on 
which a semiconductor chip 7 is fixed. In the vicinity of the 
periphery of the tab 6, the inner ends of the leads 2 are arranged. 
The inner ends of the leads 2 are electrically connected to the 
electrodes of the semiconductor chip 7, not shown, by conductive 
wires 9. The lead 2 extends from the vicinity of the periphery 
of the tab 6 (the semiconductor chip 7) toward the periphery 
of the package 1, bends on the lower face 5 side of the package 
1 on the way in the package 1, and projects from the lower face 
5 of the package 1. The lead 2 projecting from the package 1 
bends at the projection position and extends to stick to the 
lower face of the package. The lead 2, which projects at the 
lower face 5 and bends, has its lower face and outer end exposed 
from the package and has its side portion embedded in the package. 
This exposed outer end portion of the lead serves as the external 



- 7 - 



terminal 3 for packaging and also as a measurement terminal for 
characteristics tests (a test pad) . 

[0013] Next, a method of manufacturing the semiconductor 
device of the present invention is described with reference to 
Figs. 3 to 8 . In the manufacture of the semiconductor device 
of the present invention, a lead frame 15 as shown in Fig. 3 
is prepared. This lead frame 15 is formed by the etching or 
patterning with a precision press of a metal sheet having a 
thickness of 0 . 15 mm-0 . 2 mm and made of a Fe-Ni alloy, a Cu alloy, 
or the like. The lead frame 15 has a shape in which a plurality 
of unit lead patterns are arranged in series in one direction. 
The unit lead patterns are formed inside a frame 19, which is 
formed by a pair of outer frames 16 extending in parallel and 
a pair of inner frames 17 connecting the pair of outer leads 
16 and extending in the direction perpendicular to the outer 
frames 16. In the center of this frame 19, a rectangular tab 
(a support) 6 is provided. Narrow tab-suspending leads 20 
extend respectively from the four corners of the frame 19 and 
respectively support at their tip ends the four corners of the 
tab 6. 

[0014] On the other hand, a plurality of leads 2 extend in 
parallel to one another from the inside of each of the outer 
frames 15 and inner frames 17 of the frame 19 toward the tab 
6 in the center of the frame 19. The lead pitch is, for example, 
0.3-0.5 mm, and the lead width is 0.1-0. 15 mm. Many of the leads 
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2 bend on the way and have their tip ends arranged in the vicinity 
of the tab 6. The tip end portions of the leads 2 and the tip 
end sides of the tab-suspending leads 20 including the tab 6 
bend to be one step higher, as shown in Fig. 4, in order to finally 
obtain a structure in which the outer end portions of the leads 
2 stick to the periphery of the lower face 5 of the package 1. 
[0015] Next, such a lead frame 15 is subjected to chip bonding 
and wire bonding as shown in Figs. 5 and 6. In the lead frame 
of the present invention, as shown in Fig. 6, the center portion 
of the lead frame 15 is one step higher, so that a table 25, 
which supports the lead frame 15 in chip bonding and wire bonding, 
is also correspondingly one step higher to support the tab 6 
and the inner end portions of the leads 2 which are one step 
higher. On the tab 6, a semiconductor chip 7 is fixed via a 
bonding material, not shown, by a common chip bonding device. 
Also, the electrodes of the semiconductor chip 7, not shown, 
are respectively connected to the inner ends of the leads 2 by 
conductive wires 9 by a common wire bonding device. 
[0015] Next, the lead frame 15 is clamped and molded in the 
upper and lower molds 26 and 27 of a transfer molding device, 
as shown in Fig. 7 . The molding is performed by injecting resin 
thorough a gate, not shown, into a cavity 29 formed by the upper 
and lower molds 26 and 27. Since the molding is performed in 
such a manner that the outer end portions of the leads 2 are 
exposed from the periphery of the lower face 5 of the package 
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1, in the upper and lower molds 25 and 27, the cavity 29 is 
provided in the upper mold 26. In the upper mold 26, the inner 
wall surface 30 of the cavity 29 has a slope in such a manner 
that the opening side of the cavity 29 is wider so that the 
package 1 is easily removed from the upper mold 2 6 after molding . 
Therefore, the peripheral surface of the formed package 1 has 
a slope facing the inner wall surface 30 of the cavity 29. In 
the transfer molding, the outer frames 16 and inner frames 17 
of the lead frame 15 serve as a dam for preventing the resin 
from flowing out. 

[0017] Next, in the lead frame 15, in which the transfer molding 
is completed, unnecessary lead frame portions are cut and 
removed to manufacture the semiconductor device as shown in Figs . 
1 and 2. In the cutting and removal of the unnecessary lead 
frame, as shown in Fig. 8, the leads 2 and the tab-suspending 
leads 20 are cut by a die 35 and a punch 36. In this cutting, 
the leads 2 and the tab-suspending leads 20 are cut at the base 
portion of the package 1 so that the leads 2 and the 
tab-suspending leads 20 do not project from the periphery of 
the package 1. In practice, the lead cutting is performed at 
a position slightly apart from the periphery of the package 1 
so that the punch 36 does not cut the periphery of the package 
1. Therefore, the outer ends of the leads 2 project from the 
periphery of the package 1, for example, by less than 0.2 mm. 
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However, such a length of lead projection hardly causes the lead 

outer ends to catch other things and bend. 

[0018] 

[Effect of the Invention] 

(1) The semiconductor device of the present invention has such 
a structure that the outer ends of the leads are stuck to the 
lower face periphery of the package. These outer ends can be 
used as external terminals (test pads) during packaging and also 
as measurement terminals for characteristics tests. 
[0019] (2) The semiconductor device of the present invention 
has test pads on a surface of the package. The package is a 
simple rectangular body in which the front and back faces of 
the package are parallel to each other. Therefore, a cavity 
should be provided in one of molds for manufacturing the package, 
so that the manufacturing cost of the molds can be lowered. 
[0020] (3) In the semiconductor device of the present invention, 
the external terminals of the leads are embedded except that 
their lower faces and outer ends are exposed from the lower face 
periphery of the package, and the external terminals of the 
leads hardly project from the rim of the package, so that the 
outer ends of the leads do not catch other things and bend. 
Therefore, lead bending hardly occurs. 

[0021] (4) From the above (l)-(3), according to the present 
invention, the synergistic effect of being capable of providing 
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an inexpensive semiconductor device, in which the lead bending 
defect hardly occurs, is obtained. 

[0022] While the invention made by the inventors is described 
specifically based on the embodiment, it should be understood 
that the present invention is not limited to the above 
embodiment and that various changes can be made without 
departing from the substance of the invention. For example, 
adjacent external terminals 3 may be located alternately in a 
staggered manner and partially widened so that the external 
terminals 3 are used as test pads for characteristics tests or 
packaging terminals. In this case, the lands of a packaging 
substrate should also be arranged in a staggered manner 
corresponding to the external terminals. In connection in the 
staggered arrangement, even if the lead pitch is narrow, the 
interval between the staggered connection portions is wide, so 
that the defect of solder bridges, in which solder connects 
between the external terminals 3, hardly occurs. In addition, 
in the present invention, the external terminals of the leads 
may be located at and stuck to both side rims of the lower face 
of the package without projecting from the package. Also in 
this semiconductor device, lead bending hardly occurs. In 
addition, while in the above embodiment, the lower faces of the 
external terminals 3 of the leads 2 are in substantially the 
same level as the lower face 5 of the package 1, the lower faces 
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of the external terminals 3 may be lower than the lower face 
5 of the package 1. 

[0023] In the above description, mainly, the case where the 
invention made by the inventors is applied to manufacturing 
technique for semiconductor devices, which are its background 
field of utilization, is described, however, the invention is 
not limited to this. The present invention can be applied to 
electronic parts having external terminals, and the like. 
[Brief Explanation of the Drawings] 

[Fig. 1] Fig. 1 is a cross-sectional view showing a 
semiconductor device according to one embodiment of the present 
invention . 

[Fig. 2] Fig. 2 is a bottom view showing the semiconductor 
device according to the one embodiment of the present invention. 
[Fig, 3] Fig. 3 is a plan view of a lead frame for use in the 
manufacture of the semiconductor device of the present 
invention . 

[Fig. 4] Fig. 4 is a cross-sectional view of the lead frame 
for use in the manufacture of the semiconductor device of the 
present invention . 

[Fig. 5] Fig. 5 is a cross-sectional view showing the lead frame 
in which chip bonding and wire bonding are completed in the 
manufacture of the semiconductor device of the present 
invention . 
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[Fig. 6] Fig. 6 is a cross-sectional view showing the lead frame 
which is mounted on the table of a wire bonding device in the 
manufacture of the semiconductor device of the present 
invention . 

[Fig. 7] Fig. 7 is a cross-sectional view showing the lead frame 
in a transfer molded state in the manufacture of the 
semiconductor device of the present invention. 
[Fig, 8] Fig. 8 is a cross-sectional view showing a state in 
which leads and tab-suspending leads are cut in the manufacture 
of the semiconductor device of the present invention. 
[Explanation of References] 

1: package, 2: lead, 3: external terminal, 4: upper face, 5: 
lower face, 6: tab, 7: semiconductor chip, 9: wire, 15: lead 
frame, 16: outer frame, 17: inner frame, 19: frame, 20: 
tab-suspending lead, 25: table, 26: upper mold, 27: lower mold, 
29: cavity, 30: inner wall surface, 35: die, 36: punch 
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